Abstract. 2014 The nature and concentration of residual impurities in MO-VPE GaAs layers were studied as a function of growth parameters : temperature, ratio As/Ga, excess CH4 in the gas phase. Photoluminescence (PL) spectra show that the main residual impurity is C. The amount of residual C increases with excess CH4. A PL peak at 1.477 eV appears for samples annealed under AsH3. The properties of this peak are interpreted in terms of a 40 meV deep acceptor, not related to germanium.
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Revue Phys. Appl. 19 (1984) [7] [8] [9] [10] [11] [12] [13] [14] [15] [5, 7, 11, 12] , we verified that the growth rate is independent of the temperature of the substrate in the range 630-730 °C (Fig. 3) , and it is linearly dependent on thfe partial pressure of TMG (Fig. 4) . A completely consistent (1) It has been established that the mobility increases with thickness to reach its maximum value at about 20 gm [7] : in this study, MO-VPE was done at atmospheric pressure, and the thickness of samples was usually chosen to be 6 ym or less to keep a specular surface. explanation of these features has not been presented so far.
2.2 REswuAL DopiNG. -The control and knowledge of the residual doping is of critical importance for the design of GaAs devices. It was studied as a function of the ratio As/Ga in the vapour phase (all other parameters kept constant) and as a function of the temperature (As/Ga kept constant). 2.2.1 Influence of the As/Ga ratio. - Table 1 gives some significant electrical properties of GaAs epitaxial layer (~ 5 J1m thick) as a function of growth parameters TD, As/Ga.
The figure 5 shows ND -NA (or NA -ND) as a function of As/Ga. As Si(C) + VGa Si(C)+Ga + e- (3) and as acceptors in As sites From (3) , (4) and (1), (2) it is deduced : and The same relation is also valid for the ratio |1 COJCAs ,.
According to equation 6 , an increase of the ratio As/Ga enhances the incorporation of group IV element as donor. Furthermore the amphoteric behaviour of Si and C depends on the temperature. The ratio |1 SiOa/SiAs 1 or 1 CG./Cm is temperature dependent. This means that the compensation depends on the growth temperature (2).
Residual defects incorporation was analysed in detail by Samuelson [14] . It figure 6 and figure 7 respectively show the variation of Np -NA and the 77 K mobility as a function of the deposition temperature Tp for two different As/Ga ratio. As discussed earlier the incorporation of residual defects or impurities is mainly controlled by the (2) For low doping levels Si is mostly incorporated as a donor SiGa SiM whereas CAs is the main acceptor [7] . But in MO-VPE GaAs samples, SiGa is believed to be the main donor. temperature and P AsH3. From the shape of the curves on figure 6 , it appears that a donor impurity is increasingly incorporated as the temperature increases, with a saturation at about 700 °C, because the net carriers concentration increases while the mobility decreases from 650 °C.
The compensation ratio K = N -IN+ remains high (~ 0.6) for low As/Ga ratio (~ 15) or at temperatures lower than 680 °C (table I). For As/Ga = 15 (sample 03-031) or higher deposition temperature (~ 700 °C) (sample 02-050), donor impurities are preferentially incorporated, K becomes -0.5 ; the shape of the dependence of the mobility on Tp can be qualitatively explained by the competitive effect of the temperature on the residual donors density (increase) and on the compensation ratio (decrease).
It is assumed that Si is the main donor impurity (and C the main acceptor), although both Si and C present an amphoteric behaviour.
For MBE [19] or LPE [6] Si doped GaAs epilayer, the ratio SiÓa/SiÃs was experimentally found to be :
where y is the ratio Ga/As in the liquid or in the vapour. On the contrary in MO-VPE the Si+Ga incorporation increases with the temperature and it was found that SiGa oc T D when SiH4 was used as an n type dopant [13] . Dapkus et al. [7] reported that C incorporation increases with TD. To get information on C incorporation as donor and acceptor, experiments were done with excess CH4.
It must be mentioned that C contamination can be avoided when starting from triethylgallium (instead of TMG) and arsine [20, 21] . The [13] .
The 1177 goes down from 21000 cm2/V. s, n ~ 1015 cm-3, to 13 000 cm2/V.s, n=2 1016 cm-3, for a partial pressure P 014 = 10-2 atm.
Growth of GaAs layers with excess CH4 gives highly compensated layers by incorporation of C donors and acceptors. The higher the temperature, the greater the residual doping of the layers.
Post growth annealing.
In Si doped GaAs n &#x3E; 1018 cm -3, annealing at moderate temperature results in redistribution of Si among donor and acceptor sites and the formation of si--si+ pairs [18] . figure 10 (a, c) Fig.11 b) . The insert shows that the Full Width Half Maximum (fwhm) of the 1.477 eV band roughly follows a 1.8 kT law, which is typical of a free to free Fig. 6 ). The inverse is in fact observed.
ii) The same argument holds for samples grown with excess CH4 in the gas phase. Indeed, from equation 6, a decrease of Ge incorporation on As sites is expected, whereas compensation and 1.477 eV PL intensity show an increase.
iii) Lastly, SIMS analysis (CAMECA SMI 300) did not reveal the presence of Ge impurities in the samples studied, although we are aware that Ge is hard to distinguish from Ga in mass spectroscopy.
To this point, as this acceptor PL peak does not seem to originate from any commonly known substitutional impurity [25] , only conjectures can be made from our results. We note first that this acceptor may be carbon related, as it appears together with the presence of excess CH4 in the gas phase. Second, it can also be related with defect appearing with an excess As (or a Ga deficiency, as from figure 5, AsH3 or CH4 overpressures have the same effect on the stoichiometry of the growing crystal).
The large number of non stoichiometry defects that can exist in a III-V compound prevents further identification. A more detailed study of this acceptor would require more resolved PL spectra, i.e. purer samples, but we note that this PL band appears in leading to large residual impurities concentrations (AsH3 annealing or introduction of CH4 in the gas phase).
On the other hand, it has to be noted that PL peaks appear in the, 1.47-1.49 eV range in high purity MBE samples, that have also been correlated with C and stoichiometry defects [26, 27] . 4 . Conclusions.
The main problem that remains in MO-VPE is the incorporation of C. C is incorporated as both donor and acceptor. It probably results from the partial pyrolysis of CH4. This was shown by experiments with excess CH4 in the gas mixture. The amounts of C can be decreased when growing layers at the lowest possible temperature, and under low pressure vapour phase epitaxy.
